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,Q(TQTXOWUHSUHVHQWVWKHXOWLPDWHORDGWKDWWKHVRLOFDQVXVWDLQXQGHUWKHDVVXPSWLRQRIULJLGSODVWLFEHKDYLRXU
DQGWKHRWKHUV\PEROVKDYHWKHXVXDOPHDQLQJV
6WUXFWXUHVVXFKDVEXLOGLQJVORFDWHGLQKLOO\UHJLRQVEULGJHSLHUVDEXWPHQWVDQGUHWDLQLQJZDOOVHJ>@DUH
IUHTXHQWO\EXLOWRQVKDOORZIRXQGDWLRQVUHVWLQJQHDUWKHHGJHRIVORSHV,QWKHVHFDVHVWKHJHRPHWU\RIWKHJURXQG
VXUIDFHOHDGVWRDVPDOOHUEHDULQJFDSDFLW\LQFRPSDULVRQZLWKWKHFDVHRIIRXQGDWLRQVUHVWLQJRQKRUL]RQWDOJURXQG
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,QWKLVSDSHUWKHHYDOXDWLRQRIVWDWLF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EHDULQJFDSDFLW\IDFWRUVZHUHFDUULHGRXWIRUVKDOORZ
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0&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LQ)LJXUHDE LQDVHPLSORWVFDOH WKHYDOXHV1JRI WKHEHDULQJFDSDFLW\ IDFWRU1JJFRUUHVSRQGLQJ WR WKHFDVHRI
IRXQGDWLRQUHVWLQJRQKRUL]RQWDOJURXQGLH1J 1JJȕ DUHDOVRSORWWHGLQ)LJXUHDEDQGFRLQFLGHZLWKWKRVH
UHFHQWO\SURSRVHGE\>@
,W FDQ EH REVHUYHG WKDW ZKDWHYHU LVM WKH LQIOXHQFH RI WKH VORSLQJ JURXQG RQ WKH EHDULQJ FDSDFLW\ IDFWRU LV
UHPDUNDEOHIRUERWKVPRRWKDQGURXJKIRXQGDWLRQV$VDQH[DPSOH)LJD7DEOHIRUM LQWKHVPRRWKFDVH
LW LV1JJ  RU  IRU ȕHTXDO WR  RU  UHVSHFWLYHO\ FRUUHVSRQGLQJO\ D UHGXFWLRQ'1JJ RI WKH EHDULQJ
FDSDFLW\IDFWRUHTXDO WRDERXWDQGFDQEHHVWLPDWHG LQFRPSDULVRQZLWK WKHFDVHRIKRUL]RQWDOJURXQG
VXUIDFHȕ IRUZKLFKLWLV1J /DUJHUUHGXFWLRQVHTXDOWRDERXWDQGFDQEHHVWLPDWHGLQWKHFDVH
M ZKLOHDVPDOOHULQIOXHQFHRIWKHVORSHDQJOHFDQEHFRPSXWHGLQWKHFDVHM DERXWDQGIRU
ȕHTXDOWRRUUHVSHFWLYHO\$FFRUGLQJO\LWFDQEHVWUHVVHGWKDWWKHODUJHULVMWKHJUHDWHULVWKHUHGXFWLRQRI
WKHEHDULQJFDSDFLW\IDFWRUGXHWRWKHVORSLQJJURXQG$VLWLVVKRZQLQ7DEOHLQWKHFDVHRIURXJKIRXQGDWLRQWKH
LQIOXHQFHRIȕLVTXLWHVLPLODUPHDQLQJWKDWIRUWKHVWDWLFFDVHWKHUHGXFWLRQLQWKHEHDULQJFDSDFLW\IDFWRUGXHWRWKH
SUHVHQFHRIDVORSLQJJURXQGLVQRWVLJQLILFDQWO\DIIHFWHGE\WKHURXJKQHVVRIWKHIRXQGDWLRQ
)RUHDFKRIWKHFXUYHVSORWWHGLQ)LJXUHDEDOLPLWLQJYDOXHȕRIWKHVORSHDQJOHFDQEHDOVRGHWHFWHGGHQRWLQJ
DFRQGLWLRQIRUZKLFKWKHEHDULQJFDSDFLW\RIWKHVRLOIRXQGDWLRQV\VWHPUHGXFHVWR]HURLH1JJ 7KLVFRQGLWLRQ
RFFXUVIRUȕ MVLQFHLQWKLVFDVHWKHSUREOHPDWKDQGGHJHQHUDWHVLQWRDVORSHVWDELOLW\SUREOHP)LQDOO\)LJXUH
DEVKRZWKHQHWZRUNRIWKHFKDUDFWHULVWLFOLQHVREWDLQHGIRUM DQGȕ LWFDQEHREVHUYHGWKDWDVLQWKHFDVH
ȕ >@WKHURXJKQHVVRIWKHIRXQGDWLRQVPRGLILHVWKHLQFOLQDWLRQRIWKHFKDUDFWHULVWLFOLQHVPDLQO\LQWKH&DXFK\
]RQHOHDGLQJWRDODUJHUDQGGHHSHUSODVWLFPHFKDQLVPLQYROYLQJKDOIRIWKHIRXQGDWLRQZLGWK
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1JJFDQEHFRQYHQLHQWO\QRUPDOL]HGZLWKUHVSHFWWR1JLQWURGXFLQJWKHIROORZLQJFRUUHFWLYHFRHIILFLHQW
ȖȖJȖ 11J    
7KHYDOXHVRIJJ HYDOXDWHG IRU WKH FDVHVRI)LJXUH DE DUHSORWWHG LQ)LJXUH FG UHVSHFWLYHO\ DQG IRU WKH
H[DPSOHVSUHYLRXVO\GHVFULEHGDUHDOVROLVWHGLQ7DEOH$VDOUHDG\REVHUYHGLWLVHYLGHQWWKDWWKHURXJKQHVVRIWKH
IRXQGDWLRQGRHVQRW VLJQLILFDQWO\DIIHFWV WKH UHGXFWLRQRI1JJGXH WR WKH VORSLQJJURXQG&RQYHUVHO\ LW VKRXOGEH
VWUHVVHGWKDWGLIIHUHQWO\IURPPRVWRIH[LVWLQJVROXWLRQVIRUWKHHYDOXDWLRQRIJJWKHUHVXOWVREWDLQHGKHUHLQSRLQWRXW
WKDWWKLVFRUUHFWLYHFRHIILFLHQWLVFRQWHPSRUDULO\DIIHFWHGE\ERWKȕDQGM7KXVVROXWLRQVJLYLQJJJDVDIXQFWLRQRI
RQO\MFRXOGOHDGWRHUURQHRXVSUHGLFWLRQVRIWKHEHDULQJFDSDFLW\IDFWRU1JJ$VDQH[DPSOHWKHVROXWLRQSURYLGHGE\
%ULQFK+DQVHQ>@LVSORWWHGLQ)LJXUHFGWKLFNOLQHIRUFRPSDULVRQZLWKWKHVROXWLRQVSURSRVHGLQWKLVSDSHU
413 Orazio Casablanca et al. /  Procedia Engineering  158 ( 2016 )  410 – 415 

VPRRWK URXJK


D


E
F G
H I
I K
)LJ&KDUDFWHULVWLFOLQHVQHWZRUNIRUWKH1JJSUREOHPHYDOXDWHGIRUM ȕ DQGNY IRUDVPRRWKDDQGDURXJKEIRXQGDWLRQV
,QRUGHUWRFKHFNWKHYDOXHVRIWKHSURSRVHGEHDULQJFDSDFLW\IDFWRUDFRPSDULVRQZDVSHUIRUPHGZLWKWKHVROXWLRQ
RIWKH1JJSUREOHPREWDLQHGWKURXJK)(SODQHVWUDLQDQDO\VHVFDUULHGRXWXVLQJWKHFRPPHUFLDOFRGH3OD[LV>@,Q
WKHVHDQDO\VHVWKHVRLOEHKDYHVDVDQHODVWRSHUIHFWO\SODVWLFPDWHULDOREH\VWRWKH0RKU&RXORPEIDLOXUHFULWHULRQ
DQGWKHIORZUXOHLVDVVRFLDWHG9HUWLFDOERXQGDULHVZHUHUHVWUDLQHGLQWKHKRUL]RQWDOGLUHFWLRQZKLOHGLVSODFHPHQWVRI
WKH ERWWRP RI WKH PHVK ZHUH UHVWUDLQHG ERWK KRUL]RQWDOO\ DQG YHUWLFDOO\ )RU WKH FDVHM  WKH UHVXOW RI WKH
FRPSDULVRQLVSUHVHQWHGLQ)LJXUHDELQWHUPVRIVXSHUSRVLWLRQEHWZHHQWKHFKDUDFWHULVWLFOLQHQHWZRUNREWDLQHG
ZLWKWKH0&DQGWKHFRQWRXURIWRWDOLQFUHPHQWDOGLVSODFHPHQWVFRPSXWHGWKURXJKWKH)(DQDO\VHV)RUWKLVODWWHU
DQDO\VLVRQO\DSRUWLRQRIWKH)(GRPDLQLVVKRZQLQ)LJ7KHFRPSDULVRQLVVDWLVIDFWRU\VLQFHIRUERWKWKHVPRRWK
DQGWKHURXJKFDVHWKHVWUHVVDQGWKHGLVSODFHPHQWILHOGVDUHSUDFWLFDOO\FRLQFLGHQW
%HDULQJFDSDFLW\IRUVHLVPLFFRQGLWLRQV
7KHUHVXOWVREWDLQHGIRUWKHVHLVPLFFRQGLWLRQDQDO\]HGYLDWKHSVHXGRVWDWLFDSSURDFKDUHGHVFULEHGLQWHUPVRI
WKH VHLVPLF EHDULQJ FDSDFLW\ IDFWRU 1JJ( DQG LQ WHUPV RI WKH FRUUHVSRQGLQJ FRUUHFWLYH FRHIILFLHQW JJ( GHILQHG
QRUPDOL]LQJ1JJ(ZLWKUHVSHFWWRWKHFRUUHVSRQGLQJVWDWLFYDOXH1JFRPSXWHGIRUDQKRUL]RQWDOJURXQGVXUIDFH
ȖȖJ(Ȗ( 11J   
6RPHRIWKHUHVXOWVIRUERWKVPRRWKDQGURXJKIRXQGDWLRQVDUHVKRZQLQ)LJXUHIRUWKHFDVHM NKXSWR
ZLWK: NYNK DQGrDQGȕHTXDOWRDQGIRUFRPSDULVRQWKHYDOXHVRI1JJ(DQGJJ(FRPSXWHGIRU
WKHFDVHRIIRXQGDWLRQRQKRUL]RQWDOJURXQGȕ DUHDOVRSUHVHQWHG)RUWKHVDPHFDVHVZLWKNY )LJXUHFK
VKRZWKHFKDUDFWHULVWLFOLQHVQHWZRUN)RUERWKVPRRWKDQGURXJKIRXQGDWLRQVWKHHIIHFWRIWKHVRLOLQHUWLDRQWKH
EHDULQJFDSDFLW\IDFWRUDSSHDUVWREHUHOHYDQWZKDWHYHUWKHVORSHDQJOHȕLV)LJDEVSHFLILFDOO\UHJDUGOHVVNYDV
NKLQFUHDVHV1JJ(GUDVWLFDOO\UHGXFHVDQGLWYDQLVKHVZKHQNKUHDFKHVDOLPLWYDOXHNKOLPUHSUHVHQWLQJDJHQHUDOL]HG
IOXLGLILFDWLRQFRQGLWLRQ>@IRUWKHFDVHRIVORSLQJJURXQGDFFRUGLQJWR>@IRUȕ LWLVNKOLP WDQM:WDQM
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

D VPRRWKM NK NY 

E URXJKM NK NY 
 
F VPRRWKM NK NY 

G URXJKM NK NY 
 
)LJ&RPSDULVRQEHWZHHQWKHFKDUDFWHULVWLFOLQHVQHWZRUNDQGWKHWRWDOLQFUHPHQWDOGLVSODFHPHQWFRQWRXUVREWDLQHGLQWKH1JJSUREOHPRID
VPRRWKDFDQGRIDURXJKEGIRXQGDWLRQZLWKM WKURXJKVWDWLFDEDQGSVHXGRVWDWLFFG)(DQDO\VHV
)RUDJLYHQYDOXHRINKWKHFRQGLWLRQNY!LHVRLOLQHUWLDIRUFHVGLUHFWHGXSZDUGDOZD\VOHDGVWRWKHODUJHVW
UHGXFWLRQLQWKHVHLVPLFEHDULQJFDSDFLW\IDFWRU1JJ(UHJDUGOHVVWKHYDOXHRIWKHVORSHDQJOHȕ6LPLODUFRQFOXVLRQV
FDQEHGUDZQIRUWKHFRUUHFWLYHFRHIILFLHQWJJ()LJFG$VDQH[DPSOHIRUDVPRRWKIRXQGDWLRQZLWKDVORSHDQJOH
ȕ DQGNK WKHEHDULQJFDSDFLW\IDFWRUUHGXFHVIURPLWVVWDWLFYDOXH1JJ WRDERXWZLWKDUHGXFWLRQ
'1JE(RIDERXWDQGVLQFHLWLV1J LWLVJJ(|LIȕ LWLV1JJ( '1JE(|DQGJJ(|
,QWKHFDVHRIDURXJKIRXQGDWLRQ1J LWLV1JJ DQG1JJ( IRUȕ ZKLOHIRUȕ LWLV
1JJ DQG1JJ( DOOWKHVHYDOXHVDUHVLJQLILFDQWO\GLIIHUHQWIURPWKRVHREWDLQHGLQWKHVPRRWKFDVHKRZHYHU
LWLVDJDLQJJ(|IRUȕ DQGJJ(|IRUȕ 7KXVDOVRIRUWKHVHLVPLFORDGLQJFRQGLWLRQVWKHLQIOXHQFH
RIWKHURXJKQHVVRIWKHIRXQGDWLRQRQWKHEHDULQJFDSDFLW\IDFWRUIRUWKHFDVHRIVORSLQJJURXQGLVTXLWHQHJOLJLEOH$V
LQWKHVWDWLFFDVHWKHVHLVPLFEHDULQJFDSDFLW\IDFWRU1JJ(DQGWKHFRUUHVSRQGLQJFRUUHFWLYHFRHIILFLHQWJJ(REWDLQHG
ZLWKWKHSURSRVHGDSSURDFKZHUHFRPSDUHGZLWKWKRVHFRPSXWHGIURPWKHUHVXOWVRI)(SVHXGRVWDWLFSODQHVWUDLQ
DQDO\VHV )RU WKH FDVHV SUHYLRXVO\ GLVFXVVHG M  NK XS WR :  DQG r  ȕ HTXDO  DQG  WKH
FRPSDULVRQLVSUHVHQWHGLQ)LJXUHDEZKHUHWKH)(DQDO\VHVUHVXOWVHPSW\FLUFOHWVDUHVXSHULPSRVHGWRWKH0&
DQDO\VHVUHVXOWZLWKWKHH[FHSWLRQRIIHZFDVHVWKHFRPSDULVRQLVVDWLVIDFWRU\IRUDQ\RIWKHDGRSWHGYDOXHVRIWKH
VORSHDQJOHDQGRIWKHVHLVPLFFRHIILFLHQWV7KHFRPSDULVRQZLWKWKH)(DQDO\VHVUHVXOWVLVSUHVHQWHGDOVRLQWHUPVRI
FKDUDFWHULVWLFOLQHVQHWZRUNDQGFRQWRXURIWRWDOLQFUHPHQWDOGLVSODFHPHQWV)LJFGDJDLQLWFDQEHREVHUYHGD
JRRGDJUHHPHQWEHWZHHQWKHUHVXOWVREWDLQHGZLWKWKHWZRPHWKRGRIDQDO\VLVVLQFHWKHVWUHVVDQGWKHGLVSODFHPHQW
ILHOGVDUHSUDFWLFDOO\FRLQFLGHQWIRUERWKWKHVPRRWKDQGWKHURXJKFDVH)LQDOO\IURPWKHFKDUDFWHULVWLFOLQHVQHWZRUNV
VKRZQLQ)LJXUHFKLWFDQEHREVHUYHGWKDWIRUERWKVPRRWK)LJFHJDQGURXJK)LJGIKIRXQGDWLRQV
%
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DVWKHLQHUWLD IRUFHVDULVLQJLQWKHIRXQGDWLRQVRLO LQFUHDVH WKHFKDUDFWHULVWLFOLQHVDUHDSSUHFLDEO\PRGLILHGLQWKH
&DXFK\ GRPDLQ WKH5HLPDQQ ]RQH GHJHQHUDWHV LQWR D OLQH DQG ODUJHU SODVWLF YROXPHV DUH LQYROYHG LQ WKH IDLOXUH
PHFKDQLVPHYHQLILWVGHSWKUHPDLQTXLWHFRQVWDQW
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